The effect of salinity stress and its amelioration by pretreatment with low concentration of NaCl (50mM) on growth and sugar metabolism in arhar (cv. T120) and maskalai (cv. WBU109) seedlings were studied. Salinity was found to be more toxic for root growth than shoot growth. Fresh weight and dry weight of the seedlings gradually decreased with increasing concentrations of NaCl treatment. It was demonstrated that direct germination on NaCl solution increased both reducing sugar and non-reducing sugar contents while decreased the starch contents which were to some extent decreased by pretreatment of seeds with 50mM NaCl prior to germination in salt solutions. Salinity stress also affected the activites of different sugar metabolizing enzymes. The increase in the activities of starch phosphorylase, sucrose phosphate synthase, sucrose synthase and decrease in the activities of acid invertase were observed in directly salt treated test seedlings that were altered by pretreatment with sublethal concentration of NaCl in both the cultivars arhar (cv. T120) and maskalai (cv. WBU109) seeds. Thus the application of pretreatment by sublethal concentration of NaCl in both arhar (cv. T120) and maskalai (cv. WBU109) seeds exhibited significant alteration of all the partinent parameters tested under salinity stress and the effect of pretreatment in most of the parameters were more prominent in arhar (cv. T120) with compared to maskalai (cv. WBU109) seedlings.
Introduction
Among all the major environmental stresses salinity is one of the most important stress affecting plant productivity and creates a problem in many areas, specially the dry and semi arid regions. Soil salinity is a complex effect causing disturbance of membrane integrity, nutrient imbalance and disturbances on general metabolic activities. Salinity exerts its undesirable effects through osmotic inhibition and ionic toxicity. Osmotic inhibition results in the reduction of water uptake capability ability of the plant to take up water, which leads to the reduced growth rate. Salinity stress alters a wide array of metabolic processes in growing plants and induces changes in contents and activity of many enzymes (Krishnamurthy et al., 1987; Richharia et al., 1997) . Plants usually try to cope up with this salinity stress by using different ISSN: 2348 ISSN: -1900 Horizon e-Publishing Group strategies. Among these responses accumulation of compatible solutes including proline, soluble sugars, sugar alcohols and glycine betaine etc are significant. In legumes, salt stress concentrations also imposes a prominent limitation of productivity related to the adverse effects on the growth of the host plant, carbohydrate metabolism, root nodule formation as well as nitrogen fixation capacity. To provide defense of biomolecules and osmoregulation increased sugar concentration under salinity stress has been reported by many workers. Starch is the principle carbohydrate stored in the cereal grains. Starch and sucrose are principal end products of photosynthesis (Zhou et al., 2002) . Sucrose phosphate synthase (SPS, EC 2.4.1.14) catalyses the synthesis of sucrose in photosynthetic and non-photosynthetic plant tissues (Geigenberger and Stitt, 1993) and is an important control point in biosynthesis of sucrose. The last step of photosynthetic production of sucrose is catalysed by sucrose phosphate synthase (Krause et al., 1998) which converts hexose phosphates to sucrose. Prolonged water stress which limited photosynthesis, led to the loss of SPS activity as in leaves of Phaseolus vulgaris (Hawker et al., 1980) , whereas in Spinacea oleracea leaves stimulation of SPS activity was observed (Quick et al., 1989) . Two major enzymes-sucrose synthase (EC 2.4.1.13) and acid invertase (EC 3.2.1.26) are involved in sucrose breakdown and plays an important role in energy metabolism by metabolizing sucrose into diverse pathways relating to metabolic function of storage cells (Ranwala and Miller, 1998) . Sucrose synthase is a cytosolic enzyme which catalyzes sucrose breakdown in vivo (Geigenberger and Stitt, 1993) . Invertase is the ubiquitous enzyme with different pH optima, acid invertase is located in the vacuoles and catalyzes hydrolysis of sucrose to glucose and fructose (Van den Ende et al., 2002) . Sucrose synthase and acid invertase play an important role in phloem loading and unloading by maintaining sucrose concentration gradient (Lohaus et al., 1995) . Sucrose breakdown inside the tissues is accomplished by acid invertase or sucrose synthase (Pfeiffer et al., 1996) .
In leaves of glycophytes, content of soluble sugars increase under salinity (Flowers et al., 1977; Chaillou and Guerrier, 1992; Evers et al., 1997;  water stress (Foyer et al., 1998) , chilling stress (Guy et al., 1992.) .The soluble sugars along with their compatible solutes contribute to osmotic adjustment (Flowers et al., 1977) , and directly modulate the expression of genes involved in various metabolic processes, storage functions and defense (Hebers and Sonnewald, 1998) .
To evaluate meaningful physiological and biochemical effects of salt stress in arhar (cv. T120) and maskalai (cv. WBU109) , and its reversal by sub-lethal dose of NaCl pretreatment it is desirable to examine conditions relevant to salinity stress in a system which can grow well without interference of any added nutrients.
Material and methods

Plant materials and salt treatment
Seeds of arhar (cv. T120) and maskalai (cv. WBU109) were collected from Pulse and Oil Seed Research Institute Beherampore West Bengal India. Seeds were surface sterilized with 5% sodium hypochlorite solution for 10 minutes and washed thoroughly in sterile distilled water. Nearly 25 seeds were placed on each sterilized glass plate lined by blotting papers with 3 replicas containing suitable concentration of test solutions. Different concentrations of NaCl was added in required proportion to hydroponic solution (where hydroponic solution was treated as control) to prepare the salt solutions of concentrations 50mM, 100mM and 150mM. The hydroponic solution was composed of 2mM Ca(NO)3, 5mM KNO3, 2mM MgSO4, 0.1mM KH2PO4, 5mM NH4NO3, 0.5mM Na2SiO3, 0.05mM NaFe(III)EDTA, 5µM ZnSO4, 0.5µM CuSO4, 5µM MnCl2, 5µM H3BO3 and 0.1µM NaMoO3 (Widodo et.al., 2009 ). The plates containing seeds (nonpretreated) were kept at 27-30ºC under the influence of 16h photoperiod at 200µmolm -2 s -1 photon irradiance for 3 weeks. The possible reversal of salt toxicity was determined by treating the seeds with 50mM of NaCl (pretreated) prior to salt treatment in salt solutions. Experiments were performed from the seedlings raised from non pretreated and pretreated seeds to characterize the toxic effects of sodium chloride and its possible reversal on growth and sugar metabolism of test seedlings.
Morphological studies
The root and shoot lengths of 21 days old seedlings raised from non pretreated and pretreated seeds were measured. The fresh weight and dry weight of those seedlings were also measured. The seedlings were harvested, weighed in equal amount for each set and stored at −40˚C for further biochemical studies.
Estimation of reducing and non-reducing sugar Estimation of reducing sugar was done by the method of Miller (1972) . 1g each of root and shoot samples were crushed in 10 ml of 80% ethanol, centrifuged at 2000 rpm for 20 minutes and the supernatants were collected. To 1.0 ml of alcoholic extract, 0.5 ml of DNSA (3, 5-dinitrosalicylic acid) reagent was added. The tubes were allowed to stay for 5 minutes in boiling water bath. The absorbances of the samples were measured at 515 nm using spectrophotometer. A standard curve for glucose was prepared. The quantity of reducing sugar present in the samples was calculated from the standard curve and expressed as mg/g fresh Table 1 . Effect of sodium chloride (NaCl) on the growth ,fresh weight and dry weight of twenty one days old nonpretreated and pretreated arhar ( cv. T120) and maskalai (var.W BU109) seedlings. weight. The amount of non-reducing sugar was measured by subtracting the value of reducing sugar from the value of total soluble sugar and expressed as mg/g fresh weight.
Estimation of starch Estimation of starch was performed according to McCready et.al., (1950) . The residual mass, obtained after centrifugation for the extraction of total soluble sugar, was suspended in 2.5 ml of distilled water followed by the addition of 3.25 ml of 52% perchloric acid. The mixture was centrifuged at 2000 rpm for 20 minutes and supernatant was collected which was filtered through Whatman filter paper (No.42). 1.0 ml of filtrate from every set was taken and analyzed for starch content following the same procedure as the total soluble sugar. Quantity of starch was calculated in terms of glucose and factor 0.9 was used to convert the values of glucose to starch. The quantity of starch was expressed in mg /g of fresh weight of tissue.
Assay of acid invertase activity (EC 3.2.1.26) Acid invertase was assayed according to Borkowska and Szczerba (1991) . Root and shoot samples of 1g each were homogenized in 10 ml of 10mM sodium acetate buffer (pH 4.6) containing 3.3mM MgCl2, 1mM EDTA, and 1mM PMSF (phenylmethane sulfonyl fluoride). The homogenates were centrifuged at 10,000 rpm and 4 0 C for 20 minutes and supernatants were collected. The assay mixture contained 0.2 ml 10mM sodium acetate buffer (pH 4.6), 0.4 ml 0.4 M sucrose, and 0.4 ml enzyme and incubated at 30 0 C for 30 minutes. The reaction was terminated with the addition of 0.5 M Na2HPO4. The resulting reducing sugars were estimated by NelsonSomogyi method (Nelson, 1944; Somogyi, 1952) . To the reaction mixture 1.0 ml DNSA (3,5-dinitrosalicylic acid) reagent was added. The tubes were kept in boiling water bath for 5 minutes immediately followed by cooling under running tap water. The content of the tubes were diluted to 10 ml by adding distilled water. The color intensity was measured at 560 nm using a spectrophotometer.
Invertase activity was expressed as the nmol of reducing sugar produced by hydrolysis of sucrose min Figure 3. Effect of sodium chloride (NaCl) on acid invertase activity of twenty one days old non-pretreated and pretreated (with 50mM NaCl) arhar (cv.T120) seedlings. Each data point is the mean of 3 replicates ± SE. *indicates statistically significant at P ≤ 0.05.
Figure 4.
Effect of sodium chloride (NaCl) on acid invertase activity of twenty one days old non-pretreated and pretreated (with 50mM NaCl) maskalai (cv. WBU109) seedlings. Each data point is the mean of 3 replicates ± SE. . *indicates statistically significant at P ≤ 0.05.
Assay of starch phosphorylase activity (EC 2.4.1.1) For determination of starch phosphorylase activity 1g each of root sample and shoot samples obtained from each set were homogenized in 10 ml 50 mM citrate buffer (pH 6.0) containing 1mM EDTA, 5mM β-mercaptoethanol and 1mM PMSF. After centrifugation at 10000 rpm for 20 minutes at 4 0 C, supernatants were collected for enzyme assay. The assay mixture contained 2.0 ml 50 mM citrate buffer (pH 6.0), 0.5 ml 5% soluble starch (m/v), 1.0 ml 0.1mM glucose-1-phosphate and 0.5 ml enzyme extract. The reaction was initiated with the addition of glucose-1-phosphate and was stopped after 15 minutes by adding 1.0 ml 5% TCA. The content was centrifuged and from the supernatant phosphorus was estimated following the method of Fiske and Subarrow (1925) . The specific activity of the enzyme was calculated as μmol of Pi liberated min -1 mg -1 of protein sample. ISSN: 2348 ISSN: -1900 Horizon e-Publishing Group Figure 5 . Effect of sodium chloride (NaCl) on Starch Phosphorylase activity of twenty one days old non-pretreated and pretreated (with 50mM NaCl) arhar (cv.T120) seedlings. Each data point is the mean of 3 replicates ± SE. *indicates statistically significant at P ≤ 0.05. Figure 6 . Effect of sodium chloride (NaCl) on Starch Phosphorylase activity of twenty one days old non-pretreated and pretreated (with 50mM NaCl) maskalai (cv. WBU109) seedlings. Each data point is the mean of 3 replicates ± SE. *indicates statistically significant at P ≤ 0.05.
Assay of sucrose synthase (SS) (EC 2.4.1.13) and sucrose phosphate synthase (SPS) (EC 2.4.1.14) activity Sucrose phosphate synthase and sucrose synthase were extracted from the test samples following the method of Hubbard et.al. (1989) . Samples of each set were extracted in 5.0 ml of 50 mM HEPESNaOH buffer (pH 7.5) containing 5 mM MgCl2, 1mM EDTA, 2.5 mM DTT and 0.05 % (v/v) Triton X-100, at 4 0 C. The homogenates were centrifuged at 10000 rpm and 4 0 C for 10 minutes. SPS and SS ACTIVITY were assayed according to the method of Miron and Schaffer (1991) . After incubation at 30 0 C for 30 minutes, the reaction was stopped by adding 70 μl of 30% KOH. The hexoses were destroyed by placing the tubes in boiling water bath for 10 minutes. After cooling, 140 μl of DNSA reagent was added in each reaction tube. The reaction tubes Horizon e-Publishing Group ISSN: 2348-1900 Figure 7 . Effect of sodium chloride (NaCl) on Sucrose Synthase activity of twenty one days old non-pretreated and pretreated (with 50mM NaCl) arhar (cv.T120) seedlings. Each data point is the mean of 3 replicates ± SE. *indicates statistically significant at P ≤ 0.05. Figure 8 . Effect of sodium chloride (NaCl) on Sucrose Synthase activity of twenty one days old non-pretreated and pretreated (with 50mM NaCl) maskalai (cv.WBU109) seedlings. Each data point is the mean of 3 replicates ± SE. *indicates statistically significant at P ≤ 0.05.
were again boiled in the water bath for 5 minutes and cooled subsequently. The volume of each reaction tube was made 1ml. The amount reducing sugar formed, was measured by taking the value of absorbance at 515 nm. Specific activities of the enzymes were calculated as nmol of sucrose formed s 
Statistical analysis
The experiments were carried out in a completely randomized design (CRD) with three replicated; each replication comprised a single plate containing of 25 seeds. The data and significant values were compared by descriptive statistics (±SE).
Results
Effect of NaCl on seedling growth and fresh and dry weight
The effect of different concentrations of NaCl on the reduction of root and shoot growth was significant in 21 days old seedlings of Cajanas Figure 9 . Effect of sodium chloride (NaCl) on Sucrose Phosphate Synthase activity of twenty one days old nonpretreated and pretreated (with 50mM NaCl) arhar (cv.T120) seedlings. Each data point is the mean of 3 replicates ± SE. *indicates statistically significant at P ≤ 0.05. Figure 10 . Effect of sodium chloride (NaCl) on Sucrose Phosphate Synthase activity of twenty one days old nonpretreated and pretreated (with 50mM NaCl) maskalai (cv.WBU109) seedlings. Each data point is the mean of 3 replicates ± SE. *indicates statistically significant at P ≤ 0.05 cajan cv. T120 and Vigna mungo cv. WBU109 (Table 1, Figure 1 and Figure 2) The effect was more prominent in root rather than shoot. The maximum reduction in root and shoot growth was observed in 150mM NaCl treatment in both legume cultivars. The rate of reduction in growth was about 27%, 36%, 51% in root; and 12%, 26% and 40% in shoot under 50mM, 100mM and 150mM NaCl treatments respectively of Cajanas cajan var. T120; about 31%, 36%, 47% in root and about 12%, 23%, 38% in shoot under same concentrations of NaCl treatment respectively in case of Vigna mungo var. WBU109 in respect to non pretreated control.
On the other hand seeds pretreated with sublethal (50mM) concentration of NaCl exhibited partial overcome of inhibition of seedling growth in comparison to respect of non pretreated control. After pretreatment the reduction in root growth was slowed down on an average to about 33% in root and 20% in shoot in Cajanas cajan var. T120, where as in Vigna mungo var. WBU109 after pretreatment the rate of reduction was checked to on an average about 19% and 24% in shoot and root respectively with respect to non pretreated control.
The effect of NaCl was also significant in the fresh and dry weight of both Cajanas cajan and Vigna mungo var. WBU109 seedlings ( Table 1) . Due to salinity stress the reduction in fresh weight and dry weight of Cajanas cajan var. T120 seedlings were on an average about 15% and 30% respectively. In case of Vigna mungo var. WBU109 seedlings the rate of reductions on an average were about 23% and 26% in fresh weight and dry weight respectively. Preteatment of Cajanas cajan var. T120 and Vigna mungo var. WBU109 seeds with 50mM NaCl prior to germination in different concentrations of NaCl, appreciably narrowed down the rate of reduction in fresh weight on an average about 4% and 5% in Cajanas cajan var. T120 and Vigna mungo respectively. Reduction in dry weight in both Cajanas cajan var. T120 and Vigna mungo var. WBU109 seedlings was narrowed down by about 12% and 13% respectively over non-pretreated control.
Effect of NaCl on the starch content
In both root and shoot of Cajanas cajan var. T120 and Vigna mungo var. WBU109 seedlings the amount of starch contents was found to be decreased under NaCl stress compared to (Table  2a and Table 2b ). The salt treatment on an average showed decrease in starch contents to about 21% and 20%, in root and shoot respectively of arhar (cv. T120) seedlings. Whereas, the decrement in starch contents in maskalai (cv. WBU109) seedling on an average was about 20% in root and 23% in shoot over non pretreated control. This effect was recovered and the decrement was narrowed down to about 14% in root and 13% in shoot of arhar (cv. T120) seedlings and 13% in root and 16% in shoot of maskalai (cv. WBU109) seedlings by the application of treatment, by the application of pretreatment of seeds with 50mM NaCl solution.
Effect of NaCl on the reducing sugar content
In both root and shoot of arhar (cv. T120) and maskalai (cv. WBU109) seedlings, the amount of reducing sugar contents found to be increased by NaCl treatment than that of control (Table 2a and Table 2b ). The NaCl treatment showed, increase in reducing sugar contents in arhar (cv. T120) seedlings on an average to about 23% and 5% in root and shoot respectively. Whereas the reducing sugar contents in maskalai (cv. WBU109) seedlings increased about 19% in root and 10% in shoot over non pretreated control. This effect was recovered and narrowed down to about 14% in root and 3% in shoot of arhar (cv. T120) seedlings and 17% in root and 3% in shoot of maskalai (cv. WBU109) seedlings compared to non pretreated control, by the application of pretreatment of seeds with 50mM NaCl solution.
Effect of NaCl on the non-reducing sugar content
The amount of non-reducing sugar in root and shoot of arhar (cv. T120) and maskalai (cv. WBU109) seedlings were found to be increased by NaCl treatment compared to control (Table 2a and  Table 2b ). In non-pretreated arhar (cv. T120) seedlings the increments in non reducing sugar contents were about 167%, 202% and 289% in root and 7%, 12% and 20% in shoot under 50mM, 100mM and 150mM NaCl treatment respectively. Whereas, in maskalai (cv. WBU109) seedlings the increments were about 15%, 37% and 83% in root and 2%, 5% and 17% in shoot under 50mM, 100mM and 150mM NaCl treatment respectively. On the other hand the pretreatment with 50mM NaCl solution narrowed down the non reducing sugar contents to about 14%, 155%, 192% in root and 18%, 26% and 14% in shoot of arhar (cv. T120) seedlings under 50mM, 100mM and 150mM NaCl pretreated sets respectively. In case of maskalai (cv. WBU109) seedlings it was narrowed to about 9%, 24% and 55% in root and 1%, 3% and 15% in shoot of maskalai (cv. WBU109) seedlings in 50mM, 100mM and 150mM NaCl treatment respectively over non pretreated control.
Effect of NaCl on Sucrose degrading enzyme activities Sucrose synthase (EC 2.4.1.13) The activity of sucrose synthase (SS) increased in root and shoot of both of the test seedlings ( Figure  7 and Figure 8) . In roots of arhar (cv. T120) seedlings, about 24%, 161% and 558% increase in enzyme activity was recorded at 50 mM, 100 mM and 150 mM NaCl treatments respectively while in shoots, the SS activity was increased by about 38%, 61% and 161% over control at the same levels of Horizon e-Publishing Group ISSN: NaCl treatment. While, in roots of maskalai (cv. WBU109) seedlings, about 11%, 111% and 152% increase in enzyme activity was recorded at 50 mM, 100 mM and 150 mM NaCl treatments respectively while in shoots, the activity of the said enzyme was increased by about 18%, 29% and 60% over non pretreated control at the same levels of NaCl treatment. On the contrary, pretreatment of seeds with 50 mM NaCl solution followed by germination in 50 mM, 100 mM and 150 mM NaCl lowered down the increase in enzyme activity to about 32%, 92% and 188% in roots and by about 4%, 58% and 81% in shoots respectively of arhar (cv. T120) seedligs. Whereas in maskalai (cv. WBU109) seedlings after pretreatment the increase in enzyme activity was lowered to about 4%, 47% and 146% in roots and 3%, 21% and 4% in shoots in 50 mM, 100 mM and 150 mM NaCl solution respectively.
Acid invertase (EC 3.2.1.26)
In both root and shoot, the activity of acid invertase was found to be decrease by NaCl treatment over control in both the test seedlings (Figure 3 and Figure 4) . The NaCl treatment showed, decrease in enzyme activity in arhar (cv. T120) seedlings to about 22% and 12% on an average in root and shoot respectively. Whereas the rate of decrements in enzyme activity in maskalai (cv. WBU109) seedling were about 26% and 13% in root and shoot respectively on an average over non pretreated control. The decrements of enzyme activity were recovered and narrowed down in arhar (cv. T120) seedlings to about 18% and 7% in root and shoot respectively. Whereas, in maskalai (cv. WBU109) seedlings the decrements of enzyme activity were narrowed down to about 20% and 3% in root and shoot respectively with compared to non pretreated control, by the application of pretreatment of seeds with 50mM NaCl solution.
Effect of NaCl on Sucrose synthesizing enzyme activities Sucrose phosphate synthase (EC 2.4.1.14) The activity of sucrose phosphate synthase was found to be increased in both root and shoot on NaCl exposure in twenty-one days old arhar (cv. T120) and maskalai (cv. WBU109) seedlings ( Figure  9 and Figure 10) . In root and shoot of arhar (cv. T120) seedlings the increase in enzyme activity on an average was about 42% and 8% respectively compared to non pretreated control, whereas in root and shoot of maskalai (cv. WBU109) seedlings the increments in enzyme activity by NaCl pretreatment were about 41% and 16% on an average respectively with respect to non pretreated control. After the application of 50mM NaCl pretreatment the increments in the activity of the enzyme were lowered down in both root and shoot of arhar (cv. T120) seedlings on an average to about 22% and 3% respectively with respect to non pretreated control. In case of maskalai (cv. WBU109) seedlings the increments in enzyme activity were narrowed down toon an average about 31% and 6% in root and shoot respectively after pretreatment with 50mM NaCl solution.
Effect of NaCl on Starch hydrolyzing enzyme activities Starch phosphorylase (EC 2.4.1.1) The effect of NaCl on twenty-one days old arhar (cv. T120) seedlings showed increased activity of starch phosphorylase in both root and shoot of both the samples (Figure 5 and Figure 6) . The activity was increased by 8% on an average in root due to NaCl treatment over non-pretreated control in arhar (cv. T120) seedlings. When the seedlings were pretreated with 50mM NaCl solution, the increment in enzyme activity in root was found to be lowered down around to 5% on an average. In case of maskalai (cv. WBU109) seedlings the increment of said enzyme activity was about 23% in root on an average which was found ameliorated to about 12% on an average under pretreatment with 50mM NaCl. While in shoot of arhar (cv. T120) seedlings, about 20% increase in enzyme activity was recorded under same concentrations of NaCl treatment, and was ameliorated to about 5% by pretreatment with 50mM NaCl of test seeds. The NaCl treated shoot of maskalai (cv. WBU109) seedlings the rate of increment in enzyme activity was 78% on an average while the NaCl pretreated seedlings showed least increment in enzyme activity to the extent of 49% on an average with respect to non pretreated control.
Discussion
Effect of NaCl on the growth and development
Salt treatment affected the normal growth and development of both the cultivars of legume seedlings. The rate of reduction of root growth was much more than that of shoot growth whereas on treatment with higher concentrations of NaCl the shoots became reddish in color and leaves became small. But the effect was found to be ameliorated by hardening of arhar (cv. T120) and maskalai (cv. WBU109) seeds with 50mM NaCl concentration for two hours. In pretreated seedlings, increase in shoot and root growth was observed than that of the control sets although they were under the same 50mM, 100mM and 150mM concentrations of NaCl treatment. Application of NaCl also led to the reduction of both fresh weight and dry weight. The rate of reduction of dry weight was much more than that of the fresh weight. But the toxicity effect was reduced to appreciable amount when the seeds were pretreated with 50mM concentration of NaCl followed by growing under the conc. of 50mM, 100mM and 150mM concentrations of NaCl for 21 days. Similar type of results were reported by Misra and Dwivedi (2004) in green gram; Devi et al. (2008) in wheat seedlings and in mungbean (Saha et al., 2010) (Table 1 , Figure 1 and Figure 2) .
Effect of NaCl on the carbohydrate metabolism
The rate of transport of photoassimilates into sink organs is essential for the growth and development of plant organs and crop productivity. Sucrose and starch are the two major forms of photosynthetically fixed carbon in the photosynthetic cells. During photosynthesis, starch is formed as a temporary storage product and is deposited as starch granules in the chloroplast whereas sucrose is translocated to different organs and is the most commonly used photoassimilate in plants. Glucose and fructose are synthesized by photosynthesis in leaves and are then transported to roots, fruits and other sink organs where, these are utilized for intermediary and respiratory metabolism and for synthesis of complex carbohydrates like starch (Furuichi et al., 2001 ).
The present results indicate increase in the level of both soluble reducing sugar and nonreducing sugar in non-hardened salt treated seedlings as compared to water control. Due to hardening, the accumulation of higher level of sugars get decreased to some extent in NaCl stressed arhar (cv. T120) and maskalai (cv. WBU109) seedlings, may provide an adaptive mechanism in maintaining the favourable osmotic potential and in protecting the biomolecules and membranes. Accumulation of sugars has been associated with drought and salinity tolerant mechanisms in many plant species that helps to regulate osmotic stress in plant cells leading to protection of biomolecules and membranes (Foyer et al., 1998) . Therefore, sugar accumulation leading to metabolic alterations could contribute to salt sensitivity that limits growth of the arhar (cv. T120) and maskalai (cv. WBU109) seedlings under salt stressed conditions. A decrease in starch contents was observed in arhar (cv. T120) and maskalai (cv. WBU109) seedlings under NaCl stress. Dubey and Singh (1999) obtained the similar kind of results and concluded that the starch contents were reduced with higher magnitude in salt concentration to sensitive rice cultivars than salt tolerant cultivars under salinity stress. Starch is the principal component of dry mass accumulated in mature leaves. Although starch may not play an important role in salt-tolerance mechanism, it is suggested that the ability of plants to partition sugars into starch may help to avoid metabolic alterations by lowering feedback inhibition caused by excess amount of sucrose in cytoplasm. Decrease in starch contents and increase in reducing and nonreducing sugar content were noted in leaves of Bruguiera parviflora under NaCl stress (Parida et al., 2004) . Sucrose phosphate synthase (SPS) catalyses the synthesis of sucrose phosphate during the last step of dark CO2 fixation in photosynthetic and non-photosynthetic plant tissues and is an important control point in biosynthesis of sucrose. The activity of SPS is induced under osmotic stress (Krause et al., 1998) and salinity (Dubey et al., 1999) . Sucrose contents were found to increase in tomato under salinity due to increased activity of SPS (Gao et al., 1998) . The present study reveals the activity of SPS with NaCl treatment that finds support in the increase in non-reducing sugar contents like sucrose as reported earlier (Figure 9 and Figure  10 ). But pretreatment with 50mM NaCl is found to ameliorate the effect of NaCl on SPS activity along with the decrease of sucrose contents in both arhar (cv. T120) and maskalai (cv. WBU109) seedlings. The observed increase in sucrose contents is due to the activity of the sucrose synthesizing enzyme SPS is induced under salt stress.
Starch phosphorylase catalyzes the phosphorolytic degradation of starch by transfer of glucosyl units from glucose-1-phosphate to the non-reducing end of α-1,4-D glucan chains with the release of phosphate. The present result shows the increase in starch phosphorylase activity by NaCl treatment that correlated with the decreased starch contents in both root and shoot of the test cultivars. Similar result was reported in rice (Das et al., 2016) . However, the activity of starch phosphorylase was reversed with the application of 50mM NaCl as pretreating agent. This caused decrease in starch phosphorylase activity and the level of starch contents was found to be increased ( Figure 5,  Figure 6 , Table 2a and Table 2b ). Increased activity of starch phosphorylase under salinity might help starch degradation and mobilisation of sugars.
Sucrose is the major carbohydrate imported by many plant sink tissues. Conversion of sucrose to hexoses often is the primary starting point for sink metabolism. Huber and Akazawa (1986) proposed the theory of two different pathways for sucrose degradation; one carried out by sucrose synthase (SS) and other by acid invertase. Sucrose synthase is a cytosolic enzyme that catalyzes sucrose breakdown in vivo. Acid invertase is located in the vacuoles and catalyzes hydrolysis of sucrose to glucose and fructose. During anoxia of rice plants, there is an increase in the activities of SS (Livingston et al, 1998) . Decrease in acid invertase activity was noted in rice plants under salinity (Dubey et al., 1999; Pattanagul et al., 2008) . The present results also demonstrate an increase in sucrose synthase activity and decrease in activity of acid invertase under NaCl treatment. The results also indicate that decrease in acid invertase activity does not affect the reducing sugar contents which are mainly controlled by sucrose synthase activity. (Figure 3, Figure 4 , Figure 7 and Figure  8) .
